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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a sputtering- chemical 
vapor deposition 

composite device in which the mutual contamination of the 
process is 

effectively prevented, free from the remarkable increase of 
the occupancy area 

and furthermore free from the generation of the problem of 
reduction in the 
productivity or the like. 

SOLUTION: A sputtering chamber 2 executing sputtering 
and a CVD chamber 3 

executing chemical vapor deposition are airtightly 
connegted via a carrying 

chamber 1 provided with a carrying mechanism 11, and the 



space between the 

carrying chamber 1 and the CVD chamber 3 is provided with a 
buffer chamber 4. 

The buffer chamber 4 has a purge gas introducing system, a 
heating means and a 

cooling means for a substrate 9 on the inside. An 
auxiliary carrying mechanism 

executing the carrying of a substrate 9 between the buffer 
chamber 4 and the 

CVD chamber 3 is provided, and a gate valve 10 provided on 
the space between 

the buffer chamber 4 and the CVD chamber 3 is opened only 
in the case that the 

pressure in the buffer chamber 4 is higher than that in the 
CVD chamber 3 . On 

the surface of a titanium thin film produced in the 
sputtering chamber 2 by 

sputtering, a titanium nitride thin film is produced in the 
CVD chamber 3 by 

CVD, and the structure of a diffusion preventing layer is 
obtd. 
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0, Jfii3|-?-A'VA-ltCVDf-v>'M-3tiOfam 

A- >^ N'- 4 C V D ^ A- ^- 3 1 COST'S^ 9 
A-4tcvDf-v yA- 3 1 <m\zWi\thhfz*f- V 

M'/Pri Oli, /N*y7r^^y^N'-4rt(7)E:^]3tr»*CVD 

tccvD^Y>/N-3T*cvDtc<to ^^tf - f ymm^ 
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1 

yvN'-t io^tifiK^i^Y 1 ji^/'Cy ^J'^-v VA'- 

[if^ 2 ] ffEXy^y f-^ W'^-aiXiiEC VD 

im^S] |(rE/^'-y7rf-^r>'V\'-tmECVDf- 
6if^ 1 X*i 2 lEttOXA y i^^t^m,^^. 20 

y*^-n(Omni^CVl>i'^ry^^''n<^E:nX O^i^ 

K 2X(i3Ba«o:7.A^^-ft:^^^s. 

[19^315 3 lirE^<-y7rf-^>'A'^rtTfflti£:m^ 
aiKt::Mfet-&Jn»i¥axii^^m^a^fc?^ahr5 30 

[000 1] 

mXhhXny9^^t{C^m (Chemi ca l 
Vapor De pos i t i o n. CVD) JiatJ^ 

h. 

[0002] 40 

^n^-cnrntx^-y-yhizm^^'^^iitizx^^ 
mit.^ti. z<7)n.^^:Mtimx'mn^itxm^^ 

iijt:mmLxi^mikmm{zmmeotim^ii!>^^. m 50 
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[ 0 0 0 3 ] XA- V :f JIM^^II^MU, L S I 

xmAzm^tix\t'^&. mm. xj^y^^miTfi^ 
^-^Ai:tt^t^h^mmtmm^z!^^m 
^iixi^h L. <t^^mi^mm^f^mi,z§^ 
<m^tix\>^i>. xA.y^gstjtm^^®ti. t 

itmm^t\,^o^<m^j:h?iy(/-XMzXnX^^hf:i 

±<^m<7mmrch6t^ti^iix^ti, mm. 
x/^y ^mmzitrjuzfy/fxmmL^izyFm.^:^ 

^wmm:mbh^'^iSx<omm<r>{t^i(^\iz 
mz±^^j:^mmhi\.t, 

[00043 ^m^<nmi^Zlht. L 

S I^tfOm^^AM XCOgmiSTIi. XJ^^9t^^ 

m^^n:^^^x-->(r^nt^h:itmm^zmm 
^rit^fts^tJt^A^oT^^. :i<^^^\;ky\izmm 

[0005] FET {nmi^vyyvx^)^^^ 
ti^t L s I <7m^nx\t. msai^EiaflBti: 

m^m^WLmim^mm^ixx^^h, zLmmist 

^^^ymkh^:WiLfdmbtc-yX\^h^%^^^ 

xm^^ixx^ti. mt\wymwitmt^9ynwk 
t^mm^^h^. i-^yi^^£t^-y^yY^:r)v 
d[yi^x^z ^^xxn^/^VtimiSz'f-^ yum:^^ 
-th. ^m,. iix^^\z^tXX)^v^\.. S^t 

f-^ y t (n^^rnimmn x^tct^h^^^^^ yn^ 
[ 0 0 0 6 ] ^coi o =5rME&ilJiii, sa*aco:4^-;uo 

^hwm:mi:tht;L>fimmzwm:.^y9'? h*- 

SCO® {it^'-iv\:m<rm) 's,<r>iSiS^mznthit^-}V 

ht. it^~}v<n&szmh>mmitM^dP^-^^zti: 
[0007] ^<n-ifx\ L s I <o^mai^^k^;g«6£ 



(3) 1-2 000 3 5 

3 4 

ws^±m^m^-ti>iitimmiz^r>x^x\^i. [0012] -^r, t^^^ xcom^m.{t{znmtx^ 

mjkMim&'ti>mmixmuzM^xj^^y:^xi^^^ hirz^^n^x/^y^co^mt tx. ^^xtx^^y 

m^^ofz^\z\t. vt-^w^^ixhm^ (ti y-y Yt-hm.^ithxnv9^=f'^^ii>^^'tht 

L*>L=ct*«^>. rx'<^hjt3m<'5r«»t. it^ v^ik==^^:L(n%^\z}^^ximvxmkyzm}iz>^ 

nt^ w^\zn\.x\m^w,zm\^hxn^/9Tk^ y h^fs-cf-^^ytsisLrs^^^ v*fxy<*y^s^ 

coco, ^'j^-'^co^^^zi^mthxn^mwm: 9>m<om^:^^(r)Xo{z{t'^.-}v<r>}mmmr: 

iooio] tt:^ i&B^xj^^y^ii.^msLti^'-y 30 [0013] 

yht(omki:m^<ox/^y^^(03i^^h5^tt. 1 i^mn^mmtxot'ttmm} ^^-c. ^<m6o^ 

mTo r rnmirmExx/^'y^s^'rh^mxh^, m^xhhitmm<7ym^izBi:^tx^6t. it^ 

m^t^-y-yhtcomi^m^Lx^^htu^. muz mm<D^mizx->xm{t^i^ymm^i^m'^:itm 

MLx\mmmizmrrhxj^'ym^f3^^<mnzx mxhi,. mm. na, t t^o^trr i 

m-i*, tti. i&sxhhtzi^. z<7)Xd^j:m\zmf tsmm^c^^mmTmjtimmixm^mmiz^ 

ms^^h^^^<xt^r. tfz. ^-y^htmit cvd tmmh. ttz. mi-^^xit. nci 

imtlX\''^hfci^\,Z^-yyhi}^(>'!ki^^tlhxn'y9 40 4 , H2 . Nz . NH3 mou-^/fxThh, ::(^xo 

fii^ 0 ^mL^z^^izmki,z^j:'oxtt 0 1 coA^ ^j:it^mm^zxi>m^^. mm^z/fx<ofmK 

c 0 0 1 1 ) tti. wmxj^^yi^xit. mi<omm ix^mt^^tut^. nrx^9 hitco^-yH^^ttx 

mzi6\'ti,it^~}V^^mzt^''tV<r>mr^^{z t+^i-^.-K VJ^ij^^v ^ 'J^XWLm^rro^tiMmX' 

gPcO;f.-;PiOI^Etc>J LTIi, nm^mj^\zimt [0014] Z<nX 0 \zm^LX <ht. I ^i}\Z'y h 

Lij^L^jcifi^. mi<Dmm^<Ot^~fU(r>MmzML iit0m:^^-fmm\ii^O . ISum) t:M<OWm^j: 

T(i, 9mxoiommzii}tmm<mm^mmthL t^<^ xizinih^mnitMm^mxn. i-i^ym 

coco, ^mx^cr>m^ummim<Li}'fmi^\>K m^^ ^yitx^^y^x-j^^t. uit^^^^ymm^tit^ 

zti{tri!K.coxo^jM^izxh,m^<o^^^xnxj^ 50 m^xi^^t?><^m^izm^xh&t^^^tih. 
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[0015] :^ny9t{t^m^n^^^xmm± 
m(mmi^m:^^^-^^^^^^mwm-th lo 

[00 163 U^L^:*«^>, ^<^^. X)^-/9^^ 
7*D-feX^f5S£$-^^^i£ttjm<^:S. fiffxif, CV 

-y ^^^-v 1 c VD ^-v y>'N'- i: h 
con\,z^m^ixh. 30 

[00 173 <rcoJ: a=Sr*a575lfe6OK0S:JTO-tStc 

mx'hh. 

(0 0 183 ir. ast^t-xA^^'fl:^^^ 
mt. x^<y^i-^yj^~2tcvvi~-!^y^^-3t(o 
^fzmm^^ry^<~i^ir^^^x\^^h, m-h. ^^{z 4o 
mk^^r yj^- 1 )!^tti^^L, ^ommiz^cmm^ 

lrtH(itRii»fl!l im^f^iiX\^t, ^^^y^^ 
-<n-r>\txn>/ 9i-\yf^~2Xh^ . ^'^\<r>-^\tc 

2. 3. 7:0i^#giI^tCti:f:@^iOy-h/\VPy*^|£(t 

hixxwi,, z<r>Xo^MmzXht. Jt&^-?-^yA- 
2. 3. in(r>iiX\±mk'hxyf<-\^^^Lti:\>^t 
^<mm^^yf^-2, 3. 7tcaEi4-C^=5:V^f^tf>. 
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3. l\zm:th^^hhhfzif>. IMn 

[ 0 0 1 9 3 ^fc. m7\,Zjf:tmx\i. Z-9C0«i*f--r 
VA'-IA, IBSr^ffCl^^. BP^. X/^ y^i">^y 
^<-2ffliOm-^OMi^f-ryA-lAt. CVD^^V 
>'<-3mfiOlS~iOm]^^-vy>'N'-l Bt^tfettTl^S. 

::co@7tc^fiH!T'ii, mmcvD^^ryf^-3^(r^ 

AL^:v^i::;?.>'^-y^'^-t'yy^-2fc:a^'^=5:vn 
T. m.^^^/!^^\tt^j:'0fm^ixhb^m^ixh. 
L*-t=a^i^, .:cO@7tc^fi?!-Cfi. -^^OlKSf-A- 

WN'-iA. iB^m^htzib.mmn^^m^iiF'^ 
vz±%<^j:->xLtofsm^hh. tti. mkizmt 

}mm<^&f:iify. ^jmmirim&b^j:t. 
fc. -^iOiK*f-^v^<-l A. 1 BSifffii^ltSffil 1 
ij^^£miz^j:ht:i^. imzaxhMb^j:hX^i>^h. 
tt:. CVDf-^>A-3^±coffl5f5?fecof33Si±S* 

[00203 <IiOj:a^:IBS^IS^rs 
Jta6t;=5r$fiJC:t)COrJ)0. Ta-tx<mm^$i^i}^ 

[0021 3 

tb. ^m(ommmimjeL<omii. x^^'v9i:itfox^^ 
yis^i'-ry^^-b. it^m^^ocwD^^yj<'-b 
^mi. mmmm^ttimki-^y^^'-^rittxxji 
y^^^y-f^-bcvD^^y^^-bi^f^^iizmm^fi 
tinm<oxj^-yis^it^mm^mrcfj'ox. tmi-^r 

y/^-bCVD^-^yj^-bto^Xiimk^^y^^-b 
XJ^^^'f-^y^^-biO^^lfZit^ y\'v7r^-v>'>'<-*f 
mifi^tiXti^. xt^*/9^^yi^-bCVD^\yj< 

-fc iiflK*^^ y/^'-2itX>'^^y 7 r f-^r y^^-^it LX 
m^^^ y^<-\,z%^\zW^^fiX\^h t 5fllj£$-W 

f<-mm^z%^\,zmmi^jm^'i'^ i^M-cT^-c 

\zh\'^X. |I)ie>'<y7rf-ry>'<-fcB$^CVD-f-Ty 

^^mmwmim.^i^tvcy^'^hb\^oi^^^:^^ 
-/7T^A-yA-(i, mm^^^y^^-bm^cvD 

^-^y/'^-b<r>mzmi^t(X^'^^bbi,iz. i^mz^^ 
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[0022] 10 

-It. mf-^ 1 <^mmizm^^i^M:im<m 

a^'rW^'-2. 3. 4. 5, 6&tXro<0n-KO'y 
^f-^y^N'-l, 2. 3, 4. 5, 6. 7. 8ti, 
ffiMf-rWN'-ltcm"2»#^-v>M--2. 3. 

4, 5. 6. 7. &<7>mmm\.zity-h^^jufioti^ 
(0 0 2 33 ffij^f-r^N-irtwi. tmmi 1*^ 

^^vy<-8*-^>SK95:-tSnrolSlOaiL, #iliyi^ 
^yM'-2. 3. 4. 5. 6moTWi5Ci!!Si&ffaJ: 

5. ft5l£«fl!l 1 1 LTti. 5yg(;i3i«9$:«SLrfifc 30 

i>, -'o<oT-j^i:mxmmizz.^comL9i:miLt 
xm}^ithzti^T^hxm&^tLi>t. mk<m 

C 0 0 2 4 J $T , ^fc^te^MOX^^-x ^S'^^^^^ 
3Tft^». iT. 02$:^LrXM-'y^'f-^>'V^-2 

<^mmz':>\^xmmth. 021^. ait^^xy^-yi? 

^ Y VVN'- 2cofl}^$-^iE®Wi&a-Cft h . 
[00 2 5] @2t::^i:9tc. X/t-y 
tl. rtSS^Sf^i-^^f^2 2t. X>'N--y^^-vyM'- 
2rttiMXM-./^'ffi=&Sa5$iiSJ:oiiLr^(t^^irc 
:?-y'yh23i:. ^-y y h23{zm^(OWli:^t 
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(oxn^v ^^mx^mKi'?>/fxmxm2 51.^- 
[0026] #t^2 2a. ^^y^^i^syrmmMr^ 

yr2 2 1 ^MLTXA y ^^-2^5: 1 O'S 
TorrSJ^it^M^igtcm^n^.. ^^22 
ti. A'>jrr;^:tll7<X#i0^^aLg^gS222^ 
W-r&. :5'-y )'h2 3«, tm^232^irLXXn 

y9i-^yj^-2\,zM^nn^fix\^h. i^-yyh2 

2 3 m. Mtf0^mEX*l^M«^ffii^^'-^^'-y h 2 3 

[0027] mammAii. ^^c^{zmi^ii:^i^m 

^m^24lt. ^t^^2 4 1t:mmtlVyi!^^ 

<o^5aat524 2t. ^'m€2 4itmmw624 2 

bt:n<:s-^24 3tt-m^^tlX\^6. ^^mB 
2 4 1 <Dmmtmimia2 4 2i7)iir©tli5:v^t:M^:S 

mmiz^r>xis^. m2^z^xd^j:T-^^<om)^ 

2 4 4*5^-y y h 2 3 * ^V^T ^$tt^» 1 D tC=5:o 
TV^i. xn'-/^'^23 1**^'-yyh23^:frtT 
xy\--/^^f-^yyN'-2rtfc:iS^«>miWi. r-f^*t<7) 

atfjML 2 4 4 cOlI^ftiff-Cia^t • ^:03ti6. 

[0028] ;yx^A^g2 5(±. ^^mmwrcit. r 

iVd[yiSx^xn-,9niixt fC^AtS J: o t^ro 

y<2 5 0 1 XVW ^^•?-^yM'-2 1 JrKCffi'f 2 5 1 
t . E'i=2 5 l±tC^tt/:!>'N';l'r2 5 2^^^£fi^S2 
5 3^*>^>ffifiSt$ttTV^£, 

[0029] ^;^;^r-2 6ti. ±mtc^«9 ^Di® 

a. 0m®3tnj:ors«9S:^^{itstc@^^^ 

^fflJg(::Jn»Tr * h - ^ 2 6 1 //^S^^^/l-r- 2 6 tc 

[00 3 0] *||SlUB®Tii, X/N-y^'^A-yA*-2l*J 
T'ti. -f^yfl:x>"«-/^^tcJ:oT^^fr^i^t::=S:o 
X\^h. fiP^, X>''C'y^^A'>'>'<-2ti, ^'-y-yh2 
3*-A,&aj$ii-S.X/<-y ^^^^ Jr>f >J-y{t^&>f 
^S2 7^^-r^,. -<^y<l;^S2 7*i. ^^^x^yi. 
^-(c J: oTxA V ^'S^Sr-i >r J; 9 tc^:-^ 

TiiO. xn^,^^\yf^-2n\,zm'ihf\.fzMiy^ 
^2 7 1 1 , ^ 3i-y>fk?gfli2 7 1 ^3;^^gsx;^y^^- 

^fti^-r«>^i§^S2 7 2t*^^>m^$ntv^s. 

[003 1 ] >f:ty{h^2 7m. ^-y yY23t- 
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^:t>"n:mffi27 lt;JtoTX/\-'y:$'^ryA-2(^(c 2f^tOE:^jS:Blf£iOE:^(c:£!io. 

^^nsi^^&mwi, iM^xn-z^trnzxhr"? [00361 :immT. x/N-y^^Mi2 3 i^®f^$ 

5. ^-'y:fh2 3t-hWi^^fih^^XJ^y9n'f- V23^7.f^y9^^h. ^^tC>f ^^{^¥©2 7<7)S 

ti. CfOT^XVP' ^cmmkth^^. r^XvP* lO ^&^Si2 7 2St^lS^i6^^g2 7iOg^«r^2 7 

[0032] -:^r, 3i«*/W^^-2 4t3ti. SI^H^^ -y^^e^i. SI?^^S2 83!?f^L;tmi^fc:J:or 

g2 8*^tt^nTV>&. ^I^#a28t±. / M$iiT^9(Cj;0MS:(^i5v^^^ASft$. ^ 

:?^^yM'-2rttc^9tc^S=3:l||f^^L. Ofe*. £«9iO^Mfc:?gii£$fU:{StaH=5:d^-;WOM 

^ :=^-:^^>'^••y^e^^^9t::Safc:AI^$■^^ J: d ^^>irat3jiiau^<^rO. l^ffi^Mti-Hi-^fSigHt'C 

ffircii, ^*;I^^^-2 6fc:^^femEi&ffiSDLT^^ [0 037 J ^<7)J:3:5:fi£K5:fl?r^^^oy::S^. 

^tryx^p' tiofflsf^ffltcj:os«9*cm£oae ^#©2 8, ^^yit^mi. xJU9ms.23i 
^UTxmE^^thmmi^mi^Mm2siimm^ 20 ^iy^>yx^A#S2 5coifrf^^-e^tmf?jh$-y:. ^^fsv 

ilTlr^^. S«ffli^^aSEllS281fcUTIi, mtitl ^2 2UJ:-orxny ^f-v WC-2(^^^Wraf^E^ 

3. 5 6MHzaJ:»J3 0 0W^Oi)iO*HSfflT^5. ^Tfifm^-^^. -e*^. y-hM';l'7'l O^^ttT^ 

[00 3 31 iTt. S^^^amaii2 8 1i:^i;;P 9^X/'CTP^'f-^yy>:-2i-^.l|X0ai-f . Cl^tcio 

:J^-2 6t<0^t:t±. S^282*«^tt^»3h.Tl^S. T. XV^y ^'^Y>'^N'-2|*3£OHg|cOi&f^7ti^ftT-r5, 

^9ar/^*;Pr-2 6*fV^'mt^S*-C coo 38] ^It, @lfC^CVDf-^yA-3iOfl| 

*>«.^. '^m^^co^m^izm^coay^y^mf fi^dov^TiiW-^.. 03(i, Sltc^cvDf-A-:^ 

i^tt. :jyTy^^i\'LxmR9iz^m^(MK^mMt ^<-3RX/^UyTi'ryj^-4<0^tfi^i:^im 

^lo^^^iih, ziyTy^M<ri^^j^i^i$ry;x^i:if STftS. 03(c^CVDf-^yA-3ti. f*}^^^ 

LT^9(c^^grM=&Qjjirr5t. ^^-vAi^iS^yx ^•r5«^3 2t. j^mzm^cocvDm^:^mx 
(TymMizryx-^p* ^(om'^tjE^:i-yimmt. 30 'r^»;<rx^A¥a3 3i:. m^^aa^3SR9^&ffigf & 

^urxmmfi^ti>, r^xvp- co^M<a*it2 [00393 cvD-?^-^yK-3i^tc 

tJ^mttt>U<ti2O;K7PhSj^C7)jEcom{arj>0. t±r£tt£0^v^mO7!rX)tf^A$n5y::i^, fifm^3 

t*^ge^^>frxm<ibtrJ^ty::S«9i:r7Xvp' t 2\i.m3mm\^^^m>M^^yr3 2i^m 

tofgtc. s«9(cr6]*^oT^^tcm<23rr*«sig^*^ ■rs^e^^*?^>5. M«cwt;:ti. m%^3 2\t. M^^t^y 

^^iih, z<7)m^i^titm&9izntxmmTh r32it lt, sr^msi 0 0 0 y v h/u/wgco 

TiM^n-C^ 9 CMtCAIfr^J:-? terror O-^To r r^lQ-^T o r rm^amSS.^tX^ 
[0 0 34] ^iOX>'\-y^'f-iryA'-2t^tCi>(t 40 )Vii^)y ^ xm(rm'^^^^^3 2 2^^'^h. 

h^mmmzr>\>rt:. m2^m^\jxwm'h. t [oo4o] ;ifx?rA¥®33a, cvDmufxtL 

^»y-hM';l'7^1 0$:iiUrxyN*.y^'f-^ryM'-2|^lc ycom^:^Xi:mXX'^hXom^^tLX^^h. ^^<r> 

mA$n5. XA'y^'-^TyM'-2F^li, ff$U^2 2{c ;^X^A^{3li, >'N';uy 3 3 1 ^SS^II3 3 2**^ 

t^)V^-2e{zMmfth. mjt-^}vy-2e\^(nyz- <nfz)t){z^mx^fih, §S;trx*i. ffi^sr 

^2 6 iJtp'^i^l&f^LrfjO. ^7l;;l.r-2 6;c$ft^ 7X-7m#S3 6tcJ;5^^&iS!:mcO&mi^^^g:^ 



1 1 

[0 04 21 i^::, m^^fl^r'-SAUi. ^/P^-^^ 

1 *i, 3 4 S:^ ;! 5 3 4 0 C 

@^$n;tr-A 3 4 2 JiTI&^-ttr ss^^/i-r-s 
4$-#K$'fr&J:dtC'5:oTt^&, fSi, 

^L-y-:>mM^i^i}^iy<7)V-^^im±^tiX\'^h. 

3 5*«S«*/l^rJ^-34rtt:^(t/bixrv^S. h-^^s 
Sit. Mmk:J:0i^'a-;l^$r^$^^,:6^Ot,c03&5 
0l;e.lfMffl$^i. s®9$-4oo-7oox:g^tMft 2 

-^xm^mm^tii. 

[0044] ^7t. ^^mmm^zmhcvD^^yj^ 
cvD^^yy\--3*ir^x-7P" ^m-^sr^ 

X-7m^S3 6^iii.Ti>0. T^XvP" tf^MtC 

3 6(i, CVD^^ryA'-3rtt:^(t^n:t^^a[^ 
3 6 1 1 . ^^&^3 6 1 iz^m^:fl^mk^i>^ 3( 

^^a^3 6 2i:*-/^fii^$tLT\r^S. ;Crx^A¥S3 
3 «C J: o T C V D ^^r N*- 3 r*3tC^A C V Dm 

;<r^*±. i^^&mffi3 61CJ:oTI£^$^^^«^ 

[0045] ^^imi36m. ;^XI!^^ajtffl 

m^ii/cD-rs. ^^^zgmffi3 6i^iiLTcvDm 

=5r-:>Tl-^S. ^, ^^&^3 6 1i:tTTM(C;ir;^I?)t 40 
^&llte3 6 liOrtg53^tc-Bg*^T;&>^>C VDffi;)!^ 
[0046] :irA^A^S3 3tCj:^T^A$^cra^ 

^ftx\^i>^m}i}^txm.9<rmm\,z^^^9>^ 
^^^^t. m.it^^ynmimthXokzt^'^x^^ 

cvDf-A'yA'-3FAicofiE:fj(i, cvom^^ 
If 3 7 J: i^^' J: ^ tc:=5:o T I . 
[ 0 0 4 7 3 $T , *^^®t7)^StfO^^ =5rm^ 50 



=^^¥1 1-2 0003 5 
1 2 

\±. miRxms^zjrrtXoiz. ilft^f-vVA-ifcc 
V D ^i- t \' «y 7 r 4 

^TAO. y-^^^'/^Xl01^^L■C^Ri*f-^>'y^'- 
l&t;cVDf-vyM'-3fCfvffifc^$/lTV^6. J< 
•y7rf-Y>>'\'-4(Cli. ^m^0#f$l^4 l^&J^ft'^/l. 
TiiO, >'<-y7r^-lr>A-rti^l0-8TorrgJgi 

[00483 A>y7rf-^VM-4rt(Cli. ^97&«- 

10 mi\zm^'ti>mmxy'''-jA2m.n^tixuh,^ 

s^*^©s$n5, m^x^-j4 2n\iz\t. ism^wc 
A3m^m^^4 4imnc>tix\^h. in,^a4 3 

mxT-i^A 2 if^^zmvt^ts^smA 2 o\zm 

msmt4 2 ot,z\^mK'fhmx'^4 4it.m: 
mm4 2 ot-^n^m^^hmm4 4 2 1 ^a 
» 'faw^fi'^t^■o=s^c■^^-^^^-^4 4 3^*>^>ti| 

■9--^^U-:^44 3-CI±, ?&«E^^offi 
fi(^UT^A'g=4 4 Itil^-ra. 
[00493 CVD^^i^A-3tClRA$iiSlrtC)^ 
Xr->?4 2{::t|g$/utSK9S-J|ga^S4 3ti:-o 

xmm.t,zimth}i. cvDf-^y^<^3ti5tt& 

Sl^^OfiiMJrtfi.. CVD^^>'y\'-3|^'CO» 

t-MLTi3<t. >'<y7T^^yA-4rttraU;t 
C V D f-^r VM- 3 f*3(DS®;Crx*^ 9 tf^^ LT t 

[00503 tfz. CVDf-^yy^'-3>^^>^Ra^$fut 

^9m^tti>^nmh^th. sso^jisf-A-yn' 
4i:mgi^t;iii!rfrc^^v^;±, w-?irt^rv\ i 

2|^tfe0®Tli, il^¥a4 3fc|&^g4 4i^ 

i''4 2$r#K$^5#^(aflr4 5*^*t^,nTU&. m 
mXT-i^4 2<0TigttiXx-y^4 2 X*«^tt^> 

tixyii\.zm^xm . mm45\t. ^kt^^t-^j 
^4 2 1 ^:±rm^^xim^7—'J4 2 i&#^$-t*- 

Sct^t^r-oTV^^^. XT— 5/5^4 2 A'-/ 
7r^A-yM'-4iO]i£teS5^^^?gtMLrv%i, f 

>'-yl'A^IS»t^>nri^£. ZcOfzib^ XT-i^'itt4 2 



1 3 

[00 5 2] i^c, >'\'y7r^^>'><-4tC|±. rt^SfC 

1^5. -:fir. c:^OM'«/7rffl^^4 7coffl^T-^' 

-vy>'<-4fcCVDf-iry>'N'-3i:tora60y-h>'\>y 10 
y 7 r Y >'>'^'- 4 rtOE:^*«C V D f-v >'/^*- 3 F*J 

m'^xy-hf<fv:n o^m\'rhXdmmitx\^ 

3rtojlSi0firf^t:ov^-ciiW-&, iT. S«9*im 
J: 0 \iZ.mki'\ VA*- 1 ii^i^j's-y 7 r f-^ >'y<- 
4?:g4LTCVDf-^yA-3rttCffiA$^S. CV 20 
D^A-yA-srtJi. «f^3 2tcJ:-:>'C0r^E:^ji'C 
^4^$v?ixr±5 0. ^9ti^Tj:;p^^-34fc:^ 
^ixh. ^:^;^^-3 4|^<0t-^^3 5A^Wi&#L 

TisO, ^I^;^r-34cks^n>^^9^i. h- 
^3s<7mzx-yxn^m.tx^{zm^^ii. 

[0 0 54] -etr. y~hJ</uyio^mtt:^. ^ 

f-^w<-3rttc#ASii^. ;{rx^A¥a3 3i?5#a 
St^»3 3 2t;J:o-CCVDffi;!r^cOziEa&t^S^Jt 30 
^ i^-r^. ttL \,zmfi^ 3 26^f5uKJg»S3 2 1 

izx->xmsm^^i. cvD-^i-yA-srti&m 

[0 0 5 53 CliOtt^r, r7X-7Jgfi£^g3 6^i&f^ 
$€2., EH*), ^^femS3 6 2*>^^^Smfii3 6 1 
iZ^m^lM^^^I^L. CVDf-^Vy\'-3rttC^^fe 

m^zxr>x^mi'4>bti>izmmt^}6L.mL9(o 4o 
[0056] ^<7)ik. rvx-^mm-memify^m 

A^S3 3£0iW^^f?CihL, CVD^T>M'-3rti&?? 

r. CVD^r>'A'-3f*jT't7>-^i?lf^A>ftT-ti. 
[00 5 7] ^fc. A.y7rf-vy>'<-4tCVD-?-v 

yA'-3^£r)faT*sa9comii^$:tT3Mffirtfii*«ffi*fiS so 
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S5^f^fflLTgiWi. 04*i. @litt;^3C:Trr 
/< .y 7 r y VN'-4 AlXC V D f-v 3 co^tt 

04-C(i. A'y7rf-^>'VN'-4aLPC 

-S^S^^^arv^S. @4&t^5t35r^J:d 

if*4 Bit, mm^^'^un^.zmi^'^i^ms.A •/ 

ru y^^4 8 2miJ^^^^^ixx\^h. 
[00583 #i&fr481(±. @4tC^J:atC. tJc^ 

=5H^^±«^4 8 3 i: . m^mmt^h-vu^mxf^ 
hXof,zLxm^^wm4SAti)-h^j:t. ^m^ 

4 8 1ti. ±«S4 8 3iO*ilitmP^^5. 
□ti. ^9Oit€^J:0M^§<. v5®;i.x-i^*42J: 

ia«^4 84cosgaw^s=5:«5 (WT. ^wmm 

^) 48 5^^a^trt^£. #^i&*iaiS54 8 5 

[00593 -:^r. iK^-yr>;y^^4 8 2*i. 

il^;&-yT'J>'^^4 8 2*i. 05tC^ 
J: ate. «ll*^tgt^4ittmv^:B (OT, i} y-r^)V 

54 86t±5i^(cM^f5K«Ti:-:?^tti^iir;fcO. " 
S^t^tr^roTV^S. at^'yrU>^^4 8 2li. 
•yr 'J y^m^A. 8 6*qSS4 8 7 ^StCT^iirf*:® 
a548 5tClffl3&H^-^diaSE$firt^S. KM48 

5485t;*-y7*y>'^^iaa:E4 86tti. SIS487 
-kmjXm^LX^^h. Pi. IM4 8 7<?5^i&«c4 
8 IffliO^^ii^^ (^'■y7Tf-A'>'A'"4i0rta 
ffl) T$>0, aE^;!r*yrUy^4 8 2iM(D^IS*±:^l« 

[00603 -^LT. at5Wvry>'^^4 8 2*zli. ^f: 

-yry y/4 8 2 ^ +^:'«c^i5ioc0e$-^$ J: 9 

t^:orv>«,. IK^^'yr'Jy^^4 8 2*^IiHE^$t. 
(TM. ;*-yr';>^ffla54 8 6*«iH]fe^5*t®ii. # 

7* 'J v^mmA 8 6 LTV ^-s^i&i^ciaaE^ 

4 8 5(i. X? -yr'J >'t/(anK54 8 6fiOlHli£t t ttc® 
H^i&L, ^(^m. ^iWic4 8 l*«^fC^S^ 

[006 1]^, -/rv y^4 8 2^fM4 8 7 

{i. A'-y 7 r f-vyM'-4 1 1 t::C VD-J-a- y>'N'- 3 



(9) 

\ 15 16 

10062] 03SUf@4$r^Lr. >'W7r 4 2*»^»S«9$:K»?±*f«.. SS9ti. IRji^A':^^' 

•f•^rW^'-4t<OS£Oy-hn'/^7'10*^m[:^^^&. 10 ^|gtftA$n^SK9^oaMlCti. eiS^MJ?>filil 

[0063] S«9$:A«r7rf-^r>'M'-4A»/i»CVD M3Cf«|g«3fiTV>^^^ftS. ^COJ: a=5rK*^fi!c$ 

4.2t^immitv'mi'ht. mi9\imm4si looes] jL«/^y^^^ryj<-5ii^ rju:fym<o 

[00 64] -E-LT. fr3^Ly::i:dt::. v\'v7Tf-r:^ iT^XfXtc;g^&x:*.yp:^-Sr^J^^S^:i: LTT^X 

SL^a. A'v7rf-vyA-4i:CVDf-A'>'V\--3 20 UTSfi9fCA5t$-t*:^m^^m^l.¥gfc5:<li.r 

Tvy^4S2^}m^^xm^4&l^:cvDi-^r m<oBmtim'Hmm^>(.j^^9x.yi~yr^ 

y^<-3\^iz^^^h. ^m¥48Hi. m^9co^ iix^^itt, zco^^. m,9(o^»)i^mtmf^ 

m. ^5}:ypr-34ti, C VD^^>'v\'-3 P^tfO [0069] tit. ^<mm^-Yy^^-<Ooiym^cry- 

8 lcO±mU4&3X*)i>^\>'^m^<D^^mMtvm M3^LfcS«7^;l'r-2 6i:PI«S£0^ra^cO^*;ur 

-Ti. cif^erf^ie. ^9(i^i!rf*c4 8 1 i}-i^mtix -srisirv^s. 

3 4 £0±t:«ie c t (3=5:6 . 30 t-5'*^(t^>fi,-ct> 0 . 

[00 6 5] -ecOfib, mSli.A y'r'J>^4S2tmjm «9i&20 0-3 0 0'CmSiTJlg»T^«.J:am$ 

tlHllSL, SfiWt:4 8 1*iSBit-6* <lco|[g, m^t^fU tlX\i^6, 1 0 0-2 0 0^^3S«». 

r-3 4<^:^;Pr-^3 4 lt^&«t4 81t*5^^ S«*/P:S^-t3^9^»m®^$-t*:T»^tt^ 

L^rV^J:^, ^tti4 81<^±«ai4 8 3a. muij^h {t^±^itti*). Mt^;P^-t^9 tiO^iOBgmitaft 

|5r5StcElXSJ:ot;tT^0X^4 8 5*<a(t^:h.TV^ e^^r6l±?-^S;!fX^^t?t OC:t*«S>«». ^ 

^i&«c4 8 1*«^-rSIIS. «0^^4 8 5(*9$:;^ Jlg!ftf^±=S:aft*«i. K:<rxfiP^,S«960®a;Crx=&M 

/l-r-^3 4 lA<5i«,4mt=5:«.. ^i!rf<c4 8m. tTSai$-t^:4^h(3j>6. "fm^iS^tTm 

±EiOJ:3C^L. CVDf-^r>'y'?-3*>i^£liTA.y «9$:MiLTi5< t , XM'y ^'^A'>'V\-2rt-Ci??lni 

7Tf-^rW^'-4i:CVDf-A'>'>'^'-3 ttO^^-'-h 40 [ 0 07 0 ] £LiiT'^*:|ISfe?B®c7)§|EiOm^totr>Tco 

1 o*jratA>fi&. -etr, fr3^L/::<tdfc:, c mmimu mz^m(7>^mmiz-:fuxmmt 

vD^^yj<^3^vmmmtf'^iyti^. wtm-mt ur . m^l^mm^kMm^■ti> 

[0066] CVD-^^yj<~3i}-(:>COmL9<^)mm ieyi^frdi&^tcov^Titwi.. aiicisi^T, TO 

ii, ±Ei!rf^t^<jffi60i!rf^Tff:bn6. mh. ^i7);r-hn-rtcJ:-:.Tm^cOS«9*«-:fircoa- 

/U^^- 3 4 ?m^cO±#eigt3$>&4Jt©-Cy- K^'yur h* h -y ^-f-^yM-S tJRA^fL. n- h'D ^-^A-y 

1 0$:BgttT^tt:4 8 l^CVD^Y>'V<-3t*it::^ A'-8(*I<30;!f'b*y h8 1 fCJK^^^lTU^,. fiftilffflfiil 

fij^-^S. f UT, mL^^fi^^~3 4i:'m^-tXmiS. Hi. ^(7)-:firiOn- Ko-y yA'-8**(^-tfe<7) 

9 5-#i&i*:4 8 iJiClS-tf:^. -eo^. ^IW*:48 H: S«9^H5tOaiL, ii^x-y^V^^f-^-yvN-StCi* 

^PBy)4. /<./7r^^>'M'-4(^T'ti, j^xr-i^' 50 fmm^mmm^^ti^. ^z^ mmmm Hi 
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[0071] -ecoa, m.m 1 1 itz ffymi 9^xj^ 

:5'-y*y h2 33&-i^&ffi^^iS^yi.7 
[0072] -eo^. JKiaiflll l*i<rc««9^CV 

£or^ xvc V D (3 i or ^9 o^Mtc^flif-:^ >^ 

COO 7 3] >ecoa. ffiiiffiffll Ui^:c7>^9^CV 
Df-iry>\'-336*^»K')£UL. ffe^con-Ho-z^^f-^ 
Vf^-^\z::^h. 1^5. ffeOitJUS^i' vy^- 7^7)9 i^O" 

-i^'tcS«9 ^m^^f^Sf* ^ h 9 Sr^^a^t 
Si^fllfiE^iii. c:toJ:d(cLT?^ait7t^. ^9 

•yh8 ltCJKS$it«.. 

[0074] dcOidJcLT. -ft<0^9t^ol>T. 
^^•y:5'f••vy^^'-2. C VD^-^-W^-SiOlitcaK^L 

iESil$nri30. #^9*f#f'A'yy\-5. 6. 2. 
3(z<R^(::|ftA^ixTfe3IJS!im$iie. ta^oT. 

[ 0 0 7 5 ] ±3^ \^tzm:sc(m(^h h^ifmmim 

^STti, xy\-/:^^^>^A-2tCVDf-\'>'y\'-3 
A-2. 3^0#fflmi»5i>tc^=SrO. (a!-5r. 

a^xn ',9^^vt^-2 t3t£ISrri» t , s- -/ f - a- y 

[0076] U** L=S:A^^. -^^fmmmXXt^ ftK^f-t 
w<- 1 1 c V D y / <- 3 fc coiatcy < •/ 7 T ^A- y 

^'i-4*^(t'^nTVi^». ZCOtii^^ CVD^A'y^^'- 
3rtco^;(r:^3!>>'X/N--y:?^YyA'-2tc¥'jm-^/ca6 5 
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tcti. /N' -y 7 T f-v y^'N'— 4 i: Iftil^f-r y/N'- 1 (^ro 
(7)^^yj<~t:1^^t^im\£^h^\K mnX. CV 
D yM'- 3 fy<r)B^:^xib^xJ '^y^i~^yj<~2 iz 

-2rtO;(rxA<CVDf-\^yA-3fcEtH-ScOt. t 
tim^zfliim^ti^. ^hiz.mHzjFrtXo{zz.-:^cr) 
CVD^+yy\'-3A«iStt^>nTv^^i^-C, Si^t^ 
tct/fx^mt^^izii. cvD^-ryM'-3^± 

) [0077] ^LT. *^lt»g®t1i. M'-y^r^-vy 
A-4 1 C V D yy\'- 3 i: co^SfetoaB^^^ff 5 

■^r y>'N'-4 1 c vDf-^ y^'^-tcomtmiocr^smi: 

fr^lgtcli. >'\'-y7rf-vy^^'-4t^Si3|f-\'yy^'-l 
fcto^y-hA/uriOti^t/^^^. i^:. J^-yy 
rf-^y>'\'-4 i;ffij5tf-\'y^\'- 1 tco^^cr^ 
SrfToJ^^fcli. ^\'y7rf-\'y7N'-4fcCVDf--v'y 
^\-3fc<^racoy-h^\';l'7'10iiKt^>fiS. 
0. ^<yy r'f'^ry^<'-4 tCVDi-^yH^S t<7)m 
• O^'-h^NOPn Ot. ^\'-/7r^-\'y/^-4i:aKII^ 

[0078]±ie<0^t>. CVD^^yA-3rtt7)S@ 
:«rx*^^A^yy\- 1 ^BmLXXJ^'/:S^^^yy<- 

2miztitm-h<o^±^<m\Lx\,^h. nfmrn 
mwm^^t. ^^^y^<-i^<ommmi itm- 

y y T^-^- yA-4 1 c v Df-^ y^\'-3 £^<d^ 

[0 07 9] i/c. CVDf-^yy\'-3{cifcKT^<-y7 
r Y y^ ^'- 4 rtfiO£E^|3ei*i^v Yj^t;^^ \' -y 7 r f- + 

y>'N'-4 1 c V D yy \*- 3 1 <nwy^- Vf^A^rf i 

OjO^lt^^^L&OT. CVD^ryA'-3rtir)g|®;(fX 
[0080]^. CVD^A'yM'-3^/<-/7r^-vy 

-mt. i^}va-^M.x\t^9ymmn(r>zruy^^ 

[0081 ] 

mz. mmmmzmhmkm^z-?\^x 

f<~2\,zt6\ihxJ^-/^')yy<r)^tLX\t. OTco 

• Xf^'vfmifX ; TJUzfy 
■^X<D^R; lOOcc/:^)- 

6 OmTo r r 

• XM- / :J'mScoai:^mfiE ; - 5 O O V 

•s^oiajg; 3 0 or 



<1 J 

1 9 

' ^^yit^^t^^m^^^', 13. 56MHz800 
W 

•n^^^^comm^M: is. 56MHz200 

w 

ff^t LTii. ]^j.r<^^^ij^mf^tii> . 10 

• CVDffl;<fX: TiC litt^itHitSiUiiOm.-^ 

• /f:^<O^Lmt; TiC l4 : N2 : H2 : S i H4 = 5 : 
20 : 500 : 1 

■SJl; 0. 12Torr 

• mtiom. ; 4 8 5r: 

• r^X-em^ScO^^^jrmaS ;60MHz50 0W 

±MS^mzJ:6t. ioo:ty^^xhu-M.m^msi<r> 
^^ss^vmit^i^ynm^f^^Tt^.m.Tx-^^ 20 

7o%mirri>s. 

[0083] iyjii7)iiHB'c*i. xj^y i^it^mm^ 

[0084] ^3t. /<y:7r^^WN'-4«i. fiEH^-v- 
y^N*- 1 i: C V D ^ A- 3 i: cora(Cgtt^^n/::;!fC, 
tty^f-^rWv*-! i:X/'Cy:J'f-v>'y\'-2t£0rafc:^tt 30 

Y y 6 1 l&m^^r yj<- 1 1 (7)miZ t M' ^ 7 r 
^W<-4^^(tTtJ:v\ i&]m^XJ^'7fttt 

[0085] iTt, iS^li7>%HBi^ffiB®i:Ur 
it. mi iz^X o Y >'>'<~ES-C*i^:< . ^/'C -y 40 
^'f-^yA'-, IRi^f'-^-y>'<-&tfCVDf-^'>'>'\'-^ 
-miz^lti^ yy>( y^comUco^mfimf(>ii 

cco^ii^ xy^y^'f-Y>j'\'-tiaK^f-Yyy\'- 
<of^. Xti, tSK^-f A'W'J-tcvDf-YyM'-tcos 

y/s-£7>^l5£r)iRi3|KJ:tctin- K n -y f-^- y^<-ip 
Wi^A. CVD^-^y/<-cr>^^m<r>mm±iziir 
yo^\^n'v9i~^y^<-f3m'f^iih. Z<7)Xo 

tc^ yy^ y^<7)^mzitK^ t.mi tc^r^-v 
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[0086] 

2fm(0^miZXtLli^ XJ^-j^^-^yj^^tCVD^ 

yf<^~t<rmz\m^^^ yf-^-izmtxj^^y r^f- 
xyj^-tf^\i^fLX\i^t<m:^ m-^xa^mKf^^ 
mmizmit^tit. ttz. tm^^y^^-^-omi 
hmmzit^rA^mm<oi^mmm<. ^mt(o 

(ST^^St^C^rvv ^7t. if^3iBatf0^tc 
iixtf, ±ES&Mfc:Jii;c. ^^yyrf-^y^<-tcvD 
^^yj <~xiiXJ ^ y ^ f- Y \'- 1 (Om^m^cry^m 
(OmiZit^ IRjSf-iryyN'-tv\''y7rf-i-yM'-t<3D^ 

/fXifJ<y y ri-^ry^^-^^ L-TffitOf-^y^W; 

mi] mmmizmxj^^isr^^mn^nm 

[02] 01ti^X/^ y:^^A'y>'<-2col8W&ISd£S- 
[03] @l(C^CVD^T>'M'-3aiJfy<-y7rf- 
[04 J 01^tt/03^c^y^*•y7rf•A'W^'-4a^X 

c VDf-fr y^'- 3 ommSTfc^* . 

[05] nmmwmm^^mm-timmmvh 

i&iKWi¥ffi8ws0t'*'), vwm^nm^^zx 

$'^w-&¥®«ne0r*tO. mo^v^^mx^^cx 

1 tSiMf-v-yA'— 

10 y-b^NW 

1 1 t9K*ffiffi 

2 ;^/N*-y:^^-\-yyN'- 

22 S^i^ 
2 3 

23 1 

2 4 m^m 

2 5 ^X^A^a 



2 6 mL^^fi^r- 

27 >f:ty^¥S 

2 8 mif^^a 

3 2 

3 3 /fxmx^m 

3 4 «t7};;UiS^~ 

3 5 h-^ 

3 6 r^xvm#a 

4 1 
4 2 



3 




61 



(12) iNr^^l 1-20 00 3 5 

22 

4 3 Um^& 
4 4 

4 5 mm 

4 6 V'C-i;;>yA^A^ 
4 7 M'y^rffl^l^lt- 
481 ^Srf*: 
4 82 aS^;5r*yri;>'^ 

10 7 f&i7)jt!i3gf-v.>'A'- 

9 m 

we] 




m4] 




(13) 
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^ ^ 



^251 ^3 252^ 
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[JltbBJ^^l 1^2^58 

vDi'^ry^<-ti^fm^1^m^rLtznm^x/^y 9^ 

tcr>mz{i. J<yyri~^ry^<'~fmn(^ixXfif). X 
M* .y ^ f-^ N'- 1 C V D A- VM'- 1 tiflK^f-^ y^ ^' 

-m^<'yyri~\y^<-^ittx^^izmmtix\^ 

[^iiEKIBJSB^] 000 5 



[0005] FET (m^m^hyyi^x9) mcomm 
^wi-s L s I -cti. ms^^saifltitt tr, t% 

mm^^ymmt^it^^ymmtmm^^ 
^fyx^^j:h9-^-^v^r)V^yifxt,zx 
nxxn-y 9Lxthib\z^9ymm^^m-h. 

tk. ifx^:^\z{^tXx^t-,9L. ^hi-^yten 

{wmMimB^} 0 0 08 

[0008] zcnxo ^zmrx^ 9 hitr^ ^^-mzM 

IXii. 'i^t^ti^^^hA/}^<Uyi^mX'^LX& 

m)kMi:Bm-hzttiWiz^j:-^x^x\>^h, tm 



(15) 
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[ffiEit^^S^] 00 1 1 

CO 0 1 1 3 tTt. ffiraB;<Ay5'-cti. micomm 
xM-.y m'fi^miizmmijm^'C-t tx^j^-tiL^ 

l>z-rtiXi^{z7^tX<i>. U>L^*fi^. S«£7>^ 

muTit. nm^z^i^^rxm^z^MLXK^xj^-vm 
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